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Abstract
Aim of study: Indigenous woody species play an important role as a complement on the diet of rural populations in Niger, espe-
cially in periods of food scarcity. However, these species are nowadays overexploited and management programmes are necessary 
to conserve them. In order to design a conservation programme for edible woody species, this paper presents a sociological analy-
sis about the use of edible woody species and their products during shortage periods in Niger. 
Area of study: Four villages in two distinct agro-ecological regions were selected to conduct structured enquiries based on focus 
group discussions and surveys with key informants.
Material and Methods: Perceptions of the conservation status of these species were identified; as well the factors affecting food 
values, perceptions, management and collection practices. 
Main results: Results show that B. senegalensis was a staple food in the driest areas, and M. crassifolia was used for fodder and 
human consumption in the most critical situations. The local communities related the drivers of species conservation status spe-
cific to the agro-ecological regions, and gender and ethnic differences were also identified. 
Research highlights: Understanding these factors constitutes a first step towards adaptive management strategies for the conser-
vation of woody food species in rural communities of Niger.
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sustainability (Vinceti et al., 2013). These products 
complement staple food crops (Kalinganire et al., 2007; 
Faye et al., 2011), and are either consumed as primary 
ingredients or used as condiments in various dishes. 
Edible woody species can be important during periods 
of drought, social unrest or war (Atato et al., 2011; 
Ocho et al., 2012). They are also a potential source of 
income when marketed or traded as a food product 
(Assogbadjo & Loo, 2011; Ekué, 2011; Muok et al., 
2011; Sanou & Lamien, 2011). 
Introduction
Forests, wild trees and shrubs in marginal lands and 
agroforestry systems have great ecological and liveli-
hood value for rural populations in arid regions despite 
their low growth potential (Assefa & Abebe, 2011; 
Larwanou & Saadou, 2011; Pingali et al., 2014; Thi-
ombiano et al., 2013). They supply edible products 
such as bark, flowers, fruits, leaves, nuts, roots, seeds 
and tubers that contribute to food security and diet 
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not significant in indigenous knowledge of vegetation 
dynamics in Burkina Faso (Sop & Oldeland, 2011), 
wild fruit consumption in the Amhara region in Ethio-
pia (Fentahun & Hager, 2009), or identifying woody 
vegetation in south Western Niger (Ayantunde et al., 
2008). 
The participatory approach is a way of incorporating 
both traditional and scientific knowledge and can result 
in good outcomes when applied to natural resources 
conservation management. Participatory approach 
recognise the existence of different types of knowledge 
associated with the different stakeholders, and during 
the analysis phase, both traditional information and 
scientific knowledge, should be validated (Baia & 
Luisa, 2016).
The previous literature offers lists of useful wild 
plants from Niger, including edible species, and the 
nutritional value of some of them (Freiberger et al., 
1998; Cook et al., 2000) but this study states the base 
line of the local perception of the food tree species 
status in two regions of Niger, to be used in participa-
tory conservation planning. It constitutes the ex-
ploratory phase for a participatory planning, this is 
why the approach considered in this study is the Rapid 
Rural Appraisal Approach (RRA; Blumenthal & Jan-
nink, 2000). 
The main question addressed is to what extent local 
communities identify the conservation status of their 
resources and the pressure factors on the resource 
base, given the importance of this information for the 
implementation of more effective and sustainable 
conservation actions. For that purpose, the identifica-
tion of the key woody food species by rural communi-
ties was followed by an evaluation of the perception 
of their conservation status and of the drivers acting 
on the conservation of the species. The hypothesis 
was that the perception about the drivers for a par-
ticular species would be influenced by the food value 
attributed to the species, by the perception of occur-
rence change and regeneration status, but also by the 
status of residence, gender and ethnicity of the local 
dwellers. 
The results provide an assessment of the use of ed-
ible woody species and contribute to the analysis of the 
current situation considering the rural perception of the 
species conservation status in representative agrofor-
estry systems of Niger. A picture of the differences on 
perception found between species and social groups, 
is offered and should be considered to minimize gaps 
between social perception and ecological and/or po-
litical recommendations in a participatory approach. 
The results of this participatory assessment, where local 
communities have prioritize their species and evaluate 
their current status, should transmit the voices and 
African dry territories are among the most threatened 
and least studied agroforestry systems, and there is an 
urgent need to support the development of sustainable 
management and conservation policies (Blackie et al., 
2014). The Sahel has experienced dramatic environ-
mental changes during the last four decades, including 
the droughts during the 1970s and 1980s, the causes 
and effects of which are still under debate (Herrmann 
et al., 2005; Hiernaux et al., 2009; Lézine et al., 2011; 
Mertz et al., 2012; Nutini et al., 2013). Despite a recent 
trend of increasing rainfall over the last decade, the 
prevailing view is that a decline in annual rainfall has 
been the main driver of climate change at the regional 
level, operating in synergy with other factors, such as 
population trends, land management strategies, man-
agement of local natural resources and public policies 
(Mbow et al., 2008; Epule et al., 2014). There is a 
general gap in understanding of land use change in 
Niger (D’haen et al., 2013) and comprehensive studies 
are necessary to inform actions improving the resilience 
of the rural populations and buffering the current 
negative effects on agroforestry systems (van Vliet 
et al., 2013). 
Local communities should be involved throughout 
the planning process, starting with the identification of 
the problem and any possible solutions, including the 
design and implementation of conservation schemes. 
Participatory conservation strategies have more chance 
of being actually implemented and successful (FAO/
FLD/IPGRI, 2004). Muhumuza & Balkwill (2013) sug-
gested that conservation approaches in National Parks 
in Africa need to place more emphasis on the human 
dimension of biodiversity conservation than purely on 
scientific studies of species and habitats. The success 
of management plans is often based on community-
based conservation interventions, including commu-
nity knowledge and capacity to observe the process and 
gather key information (Rodríguez-Izquierdo et al., 
2010; Waylen et al, 2010). Furthermore, recognizing 
how and why people value different resources mini-
mizes the conflicts between stakeholders and promotes 
the social acceptability of management activities (Ives 
& Kendal, 2014). 
Gender and ethnicity (e.g. in level of knowledge, 
preferences and types of use) may affect the manage-
ment and conservation of natural resources (Koura 
et al., 2011; Gómez-Ramos et al., 2013). Indigenous 
knowledge may vary according to gender; for example 
in the assessment of the importance of an edible tree 
species, Blighia sapida, in Benin (Ekué et al., 2010), 
in the perception of vegetation changes in semi-arid 
areas in Niger (Wezel & Haigis, 2000), and in local 
attitudes towards conservation in northern Benin 
(Gómez-Ramos et al., 2013). In contrast, gender was 
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The study sites are characterized by the presence of the 
major ethnic groups that populate the region (i.e., 
Zarma, Hausa, and Fulani). The inhabitants of Tondik-
iwindi and Tondibiya were affected by a severe drought 
during the 1970s, forcing some of them to migrate and 
settle in the Tamou area. People living in Senokonkod-
je are refugees from Tondikiwindi; while the inhabit-
ants of Weillagorou are autochthonous settled origi-
nally inside the W National Park in Niger, however 
cultivating the lands outside the Park. They were forced 
later to leave their settlements when the W Trans fron-
tier Biosphere Reserve (Benin, Burkina Faso and Niger) 
was established in 2002. 
Zarma and Hausa ethnic groups are smallholder 
farmers, practising extensive agriculture to produce 
millet for household consumption. Integration between 
agriculture and livestock is very low. Fallow reduction 
and changes in rainfall, combined with structural ad-
justment measures, have led them to depend increas-
ingly on seasonal migration and small trading. The 
Zarma are autochthonous in the study sites, while the 
Hausa are immigrant from the Southwest of Niger.
Traditionally Fulani are nomads; but after many 
years of integration with other cultures, and due to 
adverse environmental conditions leading to a reduction 
of their herds (cows, sheep, goats and dromedaries), 
nowadays they largely rely on farming for their liveli-
hood. So they are only partly nomadic, setting up 
temporary camps, where they exchange dairy products 
for cereals. 
Fieldwork description 
The field work at household level was divided in two 
parts: the focus group discussions and the individual 
interviews. The overall sample is presented in Table 1 
and questionnaires in S1. The local communities of the 




Four villages in Southwest Niger were selected, two 
in each of the main agro-ecological regions (Sudanian 
and Sahelian). The Sudanian agro-ecological region is 
characterized by an annual 7-month drought period, 
and a mean annual precipitation of 650 mm, while the 
Sahelian agro-ecological region has a 9-month drought 
period and a mean annual precipitation of 350 mm. 
The traditional agro-pastoral system in both regions 
is extensive and highly vulnerable to drought. The start 
of the rainy season, of vital importance for cereal pro-
duction, is subject to fluctuations and affected by de-
lays. In both agro-ecological regions, the diet is 
largely based on cereals, mainly millet and sorghum, 
complemented with pulses (cowpea and Bambara 
groundnut). Consumption of food of animal origin, of 
fruit and vegetables (rich in micronutrients) remains 
low, and the consumption of milk, a tradition in an 
agro-pastoral context, is declining due to the reduction 
in the number of cattle. The use of wild edible plants 
(leaves and fruits) is rather a common practice during 
the dry season. The collection has become systematic 
after recurrent cases of very severe food shortage (FAO, 
2009). Village dwellers are largely dependent not only 
on agricultural products but also on indigenous woody 
vegetation for their food security. 
In the Sudanian agro-ecological region the two se-
lected villages, Senokonkodje and Weillagorou, are 
located within the Total Wildlife Reserve of Tamou. In 
the Sahelian agro-ecological region, the two villages 
selected were Tondikiwindi and Tondibiya (Table 1). 





Village Senokonkodje Weillagorou Tondikiwindi Tondibiya
Code Sudanian 1 Sudanian 2 Sahelian 1 Sahelian 2
Location 02°22’33’’ 02°44’82’’ 02°02’10’’ 02º01’40’’ 
12°42’33’’ 12°62’30’’ 14°18’00’’ 14°27’40’’
Ethnic group Zarma Fulani Zarma / Hausa Zarma
Origin Ouallam Autochtonous Autochtonous (Zarma) Autochtonous
Status of residence Climatic refugees Decamped (WNP) Inmigrant (Hausa) –
Activity Agriculture (28) Agriculture (10) Agriculture (18) Agriculture (24)
Agropastoralism (6) Agropastoralism (3)
N. of Focus Group (106) 29 16 37 24
N. of Key Informants (89) 28 16 21 24
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support from translators for all the local languages, i.e. 
Zarma, Hausa and Fulani. Specimens of the edible 
woody species identified during field activities were 
used during focus group discussion and interviews to 
ensure correct species identification. To help resolve 
issues related to wrong attribution of vernacular names, 
herbarium specimens and photographs were collected, 
for later identification at the laboratory of Biology 
Garba Mounkaila (Faculty of Sciences University 
Abdou Moumouni, Niamey). Some samples were col-
lected from local markets, given the difficulty of find-
ing the species in the field. 
Data analysis 
Two different approaches were used to process the 
data generated by the individual interviews: i) the me-
dian value for all variables (Fv, Oc and Rg) and pres-
sure factors was calculated. Median values were con-
sidered as the most appropriate indicators of 
respondents’ perception averages; exploratory ap-
proaches for data analyses using medians and non-
parametric statistic methods are considered appropriate 
to treat the type of data collected in this study (Tukey, 
1977). The dataset was not suitable for parametric tests, 
due to the large number of variables analysed in a 
relatively small dataset, the significant amount of miss-
ing values (absence of responses for some variables), 
and the strong autocorrelation among variables; ii) 
Seven pressure factors were included in the analyses 
and the species prioritized by at least 6 key informants 
were considered. The relationship between the 7 factors 
(dependent variables), the food value and the two 
variables associated with the conservation status of an 
region suffer annually of food shortage and food crises 
due to severe drought, thus we were interested on in-
volving the household representatives as the main actors.
Focus group discussion were performed with the 
participation of all women of the household, women 
were the main target due to their responsibility for food 
preparation and with three to ten women by each focus 
group. The response was unique, representing the be-
haviour of the household. A questionnaire was used to 
guide focus group discussions aiming at identifying the 
edible woody species used, the parts of the plant con-
sumed and the collection sites for each species (i.e. 
bush, parkland, plantation on agricultural land, or 
plantation in home garden), as well as the period of 
availability compared to the shortage period. 
A second questionnaire was addressed to the head of 
the house, usually a man, considered as key informant. 
This questionnaire was focused on how the local com-
munities prioritized the edible woody species, how they 
defined their conservation status, and their perception 
of the impact of biotic, abiotic factors, management and 
collection practices on the conservation status of the 
species. In some cases, the head of the household was 
a woman, either a widow or a woman leading the house-
hold where her husband was temporarily absent work-
ing in another region or country. Demographic data were 
collected for each individual interviewed. 
Food value (Fv) was determined by each key inform-
ant attributing a ranking to the ten woody species most 
valued as food. The species list and ranking were gen-
erated independently by each informant. For each spe-
cies, the informant was also asked to indicate his/her 
perception about the change in occurrence of the spe-
cies in the area surrounding the village, over the previ-
ous 10 years. The parameter was defined as occurrence 
change (Oc) and a trend was identified by a score from 
1 to 4, with 4 indicating a very high decline. A score 
indicating the status of regeneration (Rg) was also as-
signed to each of the top ten edible woody species 
(1=Lack of regeneration; 2= Presence of regeneration). 
A total of 12 factors had been pre-identified in the 
literature as common pressures, associated with man-
agement measures for agroforestry systems, harvesting 
practices for tree products, and biotic or abiotic factors 
(Assogbadjo & Loo, 2011; Gouwakinnou et al., 2011; 
Muok et al., 2011; Sanou & Lamien, 2011; Sop & 
Oldeland, 2011). Each key informant was asked to give 
a score from 1 to 4 (with 4 indicating a high effect on 
the given variable; Figure 1) on the factors (biotic, 
abiotic, management and collection practices, etc.) 
driving the conservation status (Oc and Rg) of each 
species. 
The fieldwork was carried out from May to October 
2011 during the food-shortage period, in French with 
Figure 1. Pressure factors affecting the perception of the con-
servation status (occurrence change and regeneration).



















Forest Systems December 2016 • Volume 25 • Issue 3 • e080
5Participatory conservation of food tree species in Niger
The results of the Kruskall-Wallis test for the three 
most commonly mentioned species (B. aegyptiaca, B. 
senegalensis and Z. mauritiana) indicate that location 
of the village, gender and ethnic group influence food 
value of a species and its occurrence change (Figure 2). 
Food value (Fv) varies significantly between villages 
for each of the three species but is not linked to the 
status of residence of the respondents. Weillagorou 
(Sudanian agro-ecological region, autochthonous) and 
Tondikiwindi (Sahelian agro-ecological region, autoch-
thonous) tend to cluster with regarding the food value 
of B. aegyptiaca and B. senegalensis. 
Considering occurrence change (Oc), differences 
were significant between agro-ecological regions, with 
a higher perception of Oc in the Sudanian region. The 
perception of the occurrence change of B. senegalensis 
is significantly different between genders; men’s per-
ception of Oc is higher than Oc women’s perception. 
The food value of Z. mauritiana for the Fulani eth-
nic group was lower and their perception of the occur-
rence change of B. senegalensis and Z. mauritiana was 
higher; both parameters were significantly distinct from 
the other socio-cultural groups.
The species providing the highest contribution to the 
diet were A. digitata (Fv=10) in the Sudanian region, 
followed by B. senegalensis (Fv=9) in both regions, M. 
crassifolia (Fv=9) in the Sahelian region, and T. indica 
(Fv=9) in the Sudanian region (Table 3). V. doniana is 
the species identified with the lowest contribution of 
all the species identified (Fv=3).
For all 23 species examined, reduced occurrence 
through the ten years preceding the interview (Oc between 
2 and 4) was found. Except for Z. mauritiana (Oc=2), 
informants expressed the view that all species were under 
significant pressure (Oc = 3-4). In addition, lack of re-
generation (Rg = 1) was recorded for 9 out of 23 species. 
The multiple regression models were significant 
for 12 species (Table 4). Some factors with species-
specific effects on conservation status were identified. 
For example, land clearing was found to affect only 
P. reticulatum and ageing only P. biglobosa and V. 
paradoxa. All other factors revealed a similar influ-
ence on many more species (affecting 4 to 6 out of 
the 12 species). The range of perceived pressure fac-
tors affecting each species varied widely across spe-
cies: 1 out of 7 factors affected A. digitata (pest and 
diseases), L. microcarpa (browsing), T. indica (brows-
ing) or Z. mauritiana (drought), while 5 out of 7 fac-
tors affected P. reticulatum (land clearance, wood 
collection and bark harvesting, pest and diseases and 
drought).
Scaled coefficients and autocorrelation showed a 
significant relation between food value, the variables 
associated with conservation status (occurrence change 
edible woody species (Oc and Rg; independent varia-
bles) were analysed by Partial Least Squares multiple 
regression models (SIMPLS algorithm).
In order to test for the influence of respondents’ 
gender, ethnicity or status of residence on food value 
and occurrence change, the three most common species 
cited in the four villages were subjected to one-way 
ANOVA using the non-parametric Kruskall-Wallis test. 
Dependent variables were the food value of an edible 
woody species (0 to 10 scale) and occurrence change 
(1 to 4 scale). Regeneration was discarded from this 
analysis, as this parameter turned out not to have rela-
tion with gender, ethnicity or status of residence. Two 
levels were assigned to gender (male and female), three 
levels to ethnic group (Zarma, Hausa and Fulani) and 
four levels to village (one for each village). 
Results 
A list of key edible woody species was produced 
with the information provided by focus group discus-
sions, including characterization of the key species 
identified, the information of parts of the plant used as 
food, the habitat or location where the species is found, 
and the agro-ecological region where the species was 
reported. 
A total of 23 woody species (trees, shrubs, a palm 
tree, a vine and a parasitic sub-woody plant) were 
valued for their contribution to the diet (Table 2). Five 
of the species were common to the two agro-ecolog-
ical regions, 11 specific to the Sudanian agro-ecolog-
ical region, and 7 to the Sahelian agro-ecological 
region. The main products used as food were fruits 
(14 species), leaves (6 species), or both (3 species). 
For B. aegyptiaca the flowers were also reported as 
edible, while C. nigricans was mentioned for its rub-
ber (used as a candy). Some products have to be 
consumed at the time of harvesting (i.e. leaves of M. 
crassifolia and C. farinosa), while the leaves and 
fruits of A. digitata, fruits of B. aegyptiaca, B. senega-
lensis, D. microcarpum, T. indica and Z. mauritiana 
and the gum of C. nigricans can be stored for con-
sumption all through the year. Most species and prod-
ucts listed were consumed during periods of food 
shortage, but a few species, while not available during 
the shortage period (i.e. C. farinosa, D. mespiliformis 
and P. reticulatum), were reported by key informants. 
A. digitata leaves are part of the diet of every house-
hold throughout the year. Edible woody species were 
sourced mainly in the bush, and in parklands, with a 
few products collected from planted trees (i.e. A. 
digitata and P. biglobosa, in the Sudanian agro-eco-
logical region). 
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biglobosa). Regeneration (lack of regeneration) was 
positively related with wood or firewood harvesting 
(C. nigricans), bark extraction (P. reticulatum and V. 
paradoxa), pest and disease occurrence (P. reticulatum) 
and drought (C. nigricans). 
Discussion
Edible woody indigenous resources play a notewor-
thy role in the diets of rural communities. Three woody 
species emerged from this study as crucial resources 
contributing to the diet of local communities: A. digi-
and regeneration) and the degree of threats at species 
level (Table 5). It is to be noted that food value showed 
a significant relation with the level of threats in 15 out 
of the 17 significant cases, corresponding to almost all 
species analysed (10 out of the 12). The pressure fac-
tors with a significant relationship with food value and 
conservation status variables were browsing (3 species), 
bark harvesting (3 species), pest and disease occurrence 
(4 species) and drought (4 species).
Occurrence change was significantly and positively 
correlated with browsing (L. microcarpa and T. indica), 
land clearing (P. reticulatum), wood extraction (B. 
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Figure 2. Kruskal-Wallis test for a) Food value and b) Occurrence change of 3 common species: B. 
aegyptiaca (Ba), B. senegalensis (Bs) and Z. mauritiana (Zm). Different letters show significant 
differences about the food value/ perception of occurrence change among villages: Senokonkodje 
(Sudanian1), Weillagorou (Sudanian 2), Tondikiwindi (Sahelian 1) and Tondibiya (Sahelian 2); gen-
der and ethnic group. Vertical grey bars indicate median, vertical black lines indicate range of re-
sponses and black points indicate average value of responses (without response is assumed by zero 
Food value).
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2012). A. digitata and M. crassifolia had previously 
been highlighted as important famine foods also in the 
Sahelian region of Burkina Faso (Sop et al., 2012; Thi-
ombiano et al., 2013, 2012), and marketed locally in 
Northern Nigeria (Harris & Mohammed, 2003). The 
food value attributed to edible woody species by key 
informants from the Sudanian villages seems to be 
tata, B. senegalensis and M. crassifolia. While B. sen-
egalensis had been previously reported as a staple food 
in periods of scarcity in Niger (Muller & Almedom, 
2008; Dan-Gimbo & Barrage, 2012), our study revealed 
that M. crassifolia leaves are also consumed by humans, 
although they had been reported only as animal forage 
in other regions of Niger (Dan-Gimbo & Barrage, 




Code N Fv Oc Rg
Factors
Lc Fr Bw Wd Fl-Fr Lv Bk Ch Ds Dr Ag Sl
Ad Sd 45 10 2 2 1 1 1 1 1 4 1 1 2 3 1 1
Ba Sh/Sd 57 7 2 2 1 1 1 3 1 1 1 1 1 1 1 1
Bs Sh/Sd 43 9 2 1 2 1 1 1 4 1 1 1 1 3 1 1
Cf Sh/Sd 17 8 2 1 1 1 1 1 1 4 1 1 3 4 1 2
Cn Sd 27 7 3 2 2 1 1 2 1 1 1 1 1 1 1 1
Dm Sd 11 4 3 2 1 1 1 1 1 1 1 1 1 4 1 1
Dy Sd 22 5 3 2 3 1 1 1 1 1 1 1 1 1 1 1
Gb Sh/Sd 18 6 2 1 1 1 1 3 4 1 1 3 1 4 1 1
Ht Sd 15 5 3 2 1 1 1 1 1 1 1 1 1 1 1 1
La Sd 6 5 4 1 2 1 3 1 4 2 1 1 4 4 1 4
Lf Sd 13 4 3 2 1 1 1 1 1 1 1 1 1 1 1 1
Lh Sh 8 5 2 1 4 1 4 1 4 4 1 1 4 4 1 4
Lm Sh 30 5 2 2 1 1 1 1 1 1 1 1 1 1 1 1
Ma Sh 8 5 4 1 3 1 3 1 4 4 1 1 4 4 1 4
Mc Sh 39 9 2 1 1 1 3 3 1 4 1 1 4 4 1 1
Pb Sd 30 6 2 2 2 1 3 1 3 1 1 1 2 3 1 1
Pr Sh/Sd 24 6 2 2 3 1 1 1 4 1 1 1 1 3 1 1
Sb Sh/Sd 43 5 2 2 1 1 1 4 1 1 1 1 1 1 1 1
Tg Sh 7 6 4 1 2 1 1 1 4 4 1 1 4 4 1 4
Ti Sd 43 9 2 2 1 1 3 1 1 1 1 1 1 3 1 1
Vd Sd 8 3 3 1 2 1 1 1 1 1 1 1 1 3 1 1
Vp Sd 27 7 2 2 1 1 1 1 4 1 3 1 1 4 1 1
Zm Sh/Sd 64 6 2 2 1 1 2 1 1 1 1 1 1 1 1 1
Species (see code in table 2) cited in Sudanian (Sd) or Sahelian (Sh) region or both (Sd/Sh)
N= Number of respondents citing the species; Fv Food value (10 the most important species); Oc Oc-
curence change 1=More occurrence than 10 years ago to 4=impossible to find the species nowadays; 
Rg Regeneration 1=Lack of regeneration; 2= presence of regeneration
Factors 1=Not threatened by this factor; 4= Very important threat
Lc=Land clearing; Fr=Fire; Bw=Browsing; Wd =Wood or firewood; Fl-Fr=Flowers-Fruits; Lv=Leaves; 
Bk=Bark; Ch=Charcoal; Ds=Diseases, Pests; Dr=Droughts; Ag=Age; Sl=Soil
Table 4. Models fit (R2Y) of Partial Least Squares (PLS) models (SIMPLS algorithm) to correlate main driven factors (depend-




Ad Ba Bs Cn Lm Mc Pb Pr Sb Ti Vp Zm
Lc R2Y 0.07 0.12 0.04 0.05 0.05 0.03 0.09 0.24 0.17 0.10 0.01 0.11
Bw (models fit) 0.15 0.07 0.05 0.26 0.23 0.23 0.12 0.03 0.09 0.24 0.13 0.03
Wd 0.03 0.44 0.47 0.20 0.02 0.26 0.05 0.31 0.01 0.02 0.07 0.16
Bk 0.04 0.28 0.07 0.00 0.10 0.21 0.00 0.50 0.24 0.00 0.52 0.17
Ds 0.22 0.23 0.15 0.04 0.07 0.28 0.29 0.28 0.24 0.03 0.00 0.10
Dr 0.17 0.35 0.29 0.33 0.09 0.10 0.06 0.21 0.35 0.17 0.17 0.32
Ag  0.01 0.07 0.05 0.00 0.08 0.03 0.29 0.06 0.08 0.04 0.20 0.00
Dependent variables: Lc=Land clearing; Bw=Browsing; Wd=Wood or firewood; Bk=Bark; Ds=Diseases, Pests; Dr=Droughts; Ag=Age. 
Forest Systems December 2016 • Volume 25 • Issue 3 • e080
9Participatory conservation of food tree species in Niger
aegyptiaca than women, and expressed a perception of 
a more pronounced decline of its occurrence over time. 
Men also perceived a more pronounced decline in B. 
senegalensis than women, despite this species being 
quite resilient, broadly distributed and re sprouting. 
These findings seem to be explained by different gen-
der roles; men are responsible for clearing land for 
cultivation and therefore they directly affect the den-
sity of edible woody species, such as B. aegyptiaca and 
B. senegalensis, even if this practice was not perceived 
as a pressure factor. 
In West Africa, ethnicity has been reported as a fac-
tor that influences preferences and resource knowledge 
with regard to food tree species. Examples of such 
findings are available for A. digitata (De Caluwé et al., 
2009), P. biglobosa (Koura et al., 2011) and T. indica 
(Fandohan et al., 2011). In our study, the Fulani indi-
cated a slightly lower preference for Z. mauritiana and 
consistent with results from research conducted in other 
sub-Saharan countries, similarly pointing at A. digitata 
as the most important food tree species (Vodouhê et al., 
2010; Faye et al., 2011; Dan-Gimbo & Barrage, 2012; 
Sop et al., 2012; Thiombiano et al. ,2013).
The local communities involved in this study valued 
the woody species differently depending on the agro-
ecological context, as was found in a similar study in 
northern Benin (Assogbadjo et al., 2010); however the 
food value obtained in our study does not seem to be 
linked to the status of residence of the respondents. No 
similarities in the food value were found between 
Tondikiwindi and Senekonkodje inhabitants (the latter 
ones, climatic refugees in the Sudanian agro-ecological 
region, former habitants of Tondikiwindi) as we were 
expecting. 
In our study, significant differences were found ac-
cording to gender: men attributed a greater value to B. 
Table 5. Scaled coefficients and autocorrelation (R2X) for each PLS model
Dependent Independent variables
Scaled coefficients and autocorrelation by species
Ad Ba Bs Cn Lm Mc Pb Pr Sb Ti Vp Zm
Lc
Fv -0.16 0.45 0.22 0.09 -0.17 -0.16 0.12 -0.21 0.10 0.11 -0.04 0.21
Oc -0.01 -0.36 0.00 0.05 -0.19 0.00 0.16 0.29 0.22 0.26 0.06 -0.23
Rg 0.23 -0.20 0.10 0.21 -0.01 0.03 -0.22 -0.21 -0.37 0.17 -0.06 0.00
R2X 0.30 0.36 0.26 0.35 0.30 0.37 0.34 0.45 0.29 0.31 0.51 0.39
Bw
Fv 0.18 -0.07 -0.06 0.48 0.32 -0.16 -0.11 0.01 0.26 0.40 0.30 0.10
Oc 0.22 0.20 -0.18 0.03 0.28 0.02 -0.31 0.02 0.04 0.25 -0.12 0.08
Rg -0.17 0.15 -0.17 0.12 -0.17 -0.50 -0.03 0.18 -0.16 0.07 -0.19 0.09
R2X 0.45 0.36 0.32 0.37 0.40 0.36 0.37 0.34 0.35 0.38 0.32 0.28
Wd
Fv 0.12 0.5 0.14 -0.38 -0.12 0.20 0.06 0.19 0.08 0.08 0.00 0.07
Oc -0.03 0.37 -0.30 -0.16 -0.01 -0.39 0.17 -0.37 -0.07 -0.10 0.09 -0.33
Rg 0.14 -0.20 0.76 0.36 0.08 0.40 -0.12 0.24 0.04 0.13 -0.21 0.21
R2X 0.33 0.38 0.29 0.40 0.40 0.25 0.34 0.45 0.42 0.29 0.45 0.33
Bk
Fv 0.05 0.28 0.22 nc 0.15 0.07 nc 0.09 0.27 nc 0.23 0.09
Oc -0.18 -0.38 -0.06 nc 0.26 -0.31 nc -0.42 -0.32 nc -0.26 -0.31
Rg 0.03 -0.14 0.29 nc -0.07 0.41 nc 0.48 0.04 nc 0.47 0.24
R2X 0.38 0.38 0.19 nc 0.37 0.30 nc 0.41 0.44 nc 0.52 0.34
Ds
Fv 0.39 0.11 0.39 0.01 -0.09 0.43 0.42 0.08 0.29 0.08 nc 0.02
Oc 0.20 -0.44 -0.18 0.18 0.21 -0.06 0.24 -0.34 -0.29 0.13 nc -0.24
Rg -0.11 0.09 0.11 -0.09 -0.06 0.40 0.10 0.30 0.08 0.05 nc 0.19
R2X 0.40 0.35 0.34 0.36 0.42 0.31 0.39 0.43 0.44 0.34 nc 0.37
Dr
Fv -0.28 0.29 0.43 0.12 0.16 0.23 -0.05 0.46 0.38 -0.19 0.08 0.23
Oc -0.23 -0.47 -0.31 -0.05 -0.14 0.05 0.08 -0.41 -0.32 -0.20 -0.19 -0.47
Rg 0.10 0.14 0.53 0.55 0.18 0.25 0.22 0.11 -0.05 -0.22 0.27 0.04
R2X 0.41 0.36 0.19 0.33 0.41 0.34 0.35 0.40 0.45 0.45 0.51 0.38
Ag
Fv -0.04 0.11 0.17 nc 0.24 0.14 0.47 -0.19 -0.01 -0.02 0.19 nc
Oc -0.05 -0.14 0.02 nc -0.11 0.10 0.10 -0.19 -0.10 0.05 -0.24 nc
Rg 0.03 0.22 -0.08 nc -0.06 0.08 0.19 -0.19 -0.29 -0.10 0.16 nc
R2X 0.43 0.30 0.56 nc 0.40 0.35 0.36 0.20 0.30 0.26 0.53 nc
Higher scaled coefficients in bold; nc= no computable
Dependent variables: Lc=Land clearing; Bw=Browsing; Wd=Wood or firewood; Bk=Bark; Ds=Diseases, Pests; Dr=Drought; Ag=Age. 
Independent variables: Fv=Food value, Oc=Occurrence change; Rg=Regeneration
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nearly half of the species examined. Therefore, the 
availability of the resources in the future is at risk. This 
perception is in agreement with what has been high-
lighted in research projects on land use change (USGS, 
2013). Rapid population growth and growing demand 
for food have produced a large expansion of cultivated 
areas (grown by 42.7% during the period 1975-2000), 
which has determined a contraction of fallows, bush-
land and pastures, and increased the pressure on wood-
lands. 
Our study contributes with a general view of the 
causes of the perceived pressures not being linked to 
the management practices of the land system but 
mainly to the collection practices of tree products or 
to biotic and abiotic factors. Land clearing was not 
generally cited as a real concern, probably because 
agriculturalists are obliged to increase arable land at 
the expense of some food tree species, which they do 
not perceive as disappearing thanks to their re-sprout-
ing capacity after cutting the main stem. The informants 
attributed land clearing as a pressure factor of the one 
species P. reticulatum, as it is has been observed by 
Wezel & Haigis (2000).
According to the perceptions of the local dwellers 
interviewed (90% agriculturalist), the decline of edible 
woody species seems mainly attributable to the effects 
of browsing, reflecting a well-known tension between 
agriculturalists and pastoralists. However, contrary to 
expectation, absence of regeneration in species with 
high food value is associated with an excessive exploi-
tation of wood and bark, worsened by drought, pests 
and diseases, and not with browsing. In Burkina Faso, 
when the main causes of changes in the vegetation were 
identified, drought was the most important factor, fol-
lowed by deforestation, ageing of the trees and fires 
(Sop & Oldeland, 2011). In a study in North Benin 
focused on S. birrea, all respondents reported a recent 
decline (Gouwakinnou et al., 2011). Their views indi-
cated that the responsible factors were both anthropo-
genic (agriculture, grazing and felling for carving) and 
natural (decreased soil fertility, natural death and 
drought). 
Our findings provide essential elements on local 
knowledge for a participatory design of conservation 
activities of priority edible woody species. To strength-
en this basis, the present findings should be combined 
with inventories of the vegetation in representative plots, 
to link perception of dwellers with a direct assessment 
of the conservation status of key food tree species and 
the dynamics affecting occurrence and regeneration. 
Improving species regeneration dynamics knowledge in 
the context of human and climatic pressure should con-
tribute to the success of adaptive management and con-
servation of indigenous edible woody species. 
they reported a higher declining occurrence of this 
species and of B. senegalensis. These results can be 
explained by their semi-nomadic lifestyle and liveli-
hood strategy; they depend less on locally available 
resources given their mobility; they rely largely on 
dairy products for their diet, and they have the op-
portunity to observe vegetation changes on a much 
wider area, beyond village boundaries.
All informants expressed a general view of all spe-
cies, except Z. mauritiana, being under significant or 
very strong pressure. These results reveal a certain 
concern for the conservation of woody resources, 
similar to participants in research in the neighbouring 
Pendjari National Park in Benin (Vodouhê et al., 2010). 
Nevertheless, the model developed in this study did 
not provide a univocal explanation for the observed 
conservation status of the edible woody species inves-
tigated. The relation between the food value of edible 
woody species and the perception of pressure factors 
varies among species. For some species with high food 
value, such as A. digitata, B. aegyptiaca, M. crassifolia, 
P. biglobosa, S. birrea and P. reticulatum, the percep-
tion of key informants indicate pests and diseases as 
the main threats. For B. senegalensis the main threat 
factors were drought and wood and firewood harvest-
ing; for M. crassifolia, drought, pest and diseases, 
browsing, wood harvesting and bark exploitation. For 
V. paradoxa the most important threat factor turned out 
to be ageing of individuals, in line with what was ob-
served in parklands in West Africa by Sanou & Lami-
en (2011). 
In a previous study carried out in Niger and Burkina 
Faso (Wezel & Haigis, 2000; Wezel & Lykke, 2006), 
B. aegyptiaca resulted as a non-threatened, well-pre-
served species, included among the drought-resistant 
species. It is remarkable that in our study, B. aegyptiaca 
was cited as being under threat due to wood harvesting 
and bark exploitation along with drought and pest and 
diseases. This result constitutes an alert about the con-
tinued increase of resource degradation by natural or 
biological factors (e.g. extreme climate events) and by 
human pressure, with a consequent loss of genetic re-
sources. B. aegyptiaca is used both for human and 
animal consumption and regularly pruned by women 
farmers for use in dishes and by men farmers to feed 
livestock during the dry season. This practice puts pres-
sure on the regeneration capacity of the species because 
young leaves and flowers are harvested all together 
generally from the adult trees required for the renewal 
of the species (Abdourhamane et al., 2013). 
Based on the perceptions of the people interviewed 
in our study, almost all key species investigated seem 
to have undergone a considerable decline in occurrence 
and a lack of regeneration seems to have affected 
Forest Systems December 2016 • Volume 25 • Issue 3 • e080
11Participatory conservation of food tree species in Niger
Ackowledgements
We thank all women and men from the rural com-
munities of Niger who voluntary participated in this 
study and supported our students and research assistants 
during their fieldwork. Thanks to Oscar Eyog-Matig, 
former coordinator of SAFORGEN (sub-Saharan Af-
rican Forest Genetic Resources programme), who took 
part in the first phase of the study, and to Ali Ado, who 
contributed to the fieldwork.
References
Abdourhamane H, Morou B, Rabiou H, Mahamane A, 2013. 
Caractéristiques floristiques, diversité et structure de la 
végétation ligneuse dans le Centre-Sud du Niger: cas du 
complexe des forêts classées de Dan kada Dodo-Dan 
Gado. Int J Biol Chem Sci 7(3): 1048-1068. https://doi.
org/10.4314/ijbcs.v7i3.13
Assefa A, Abebe T, 2011. Wild edible trees and shrubs in the 
semi-arid lowlands of Southern Ethiopia. J Sci Develop 
1: 5–19.
Assogbadjo AE, Loo J, 2011. Adansonia digitata, African 
baobab. Conservation and Sustainable Use of Genetic 
Resources of Priority Food Tree Species in sub-Saharan 
Africa. Bioversity International (Rome, Italy). 12 pp.
Assogbadjo AE, Kakai RG, Kyndt T, Sinsin B, 2010. Con-
servation Genetics of Baobab (Adansonia digitata L .) in 
the Parklands Agroforestry Systems of Benin (West Af-
rica). Not Bot Hort Agrobot Cluj 38(2): 136-140.
Atato A, Wala K, Batawila K, Lamien N, Akpagana K, 2011. 
Edible Wild Fruit Highly Consumed during Food Shortage 
Period in Togo: State of Knowledge and Conservation 
Status. J Life Sci 5: 1046–1057.
Ayantunde AA, Briejer M, Hiernaux P, Udo HMJ, Tabo R, 
2008. Botanical Knowledge and its Differentiation by Age, 
Gender and Ethnicity in Southwestern Niger. Human Ecol-
ogy 36: 881–889. https://doi.org/10.1007/s10745-008-
9200-7
Baia R, Luisa A, 2016. Consistency and use of information 
about threats in the participatory process for identification 
of priority conservation areas in the Brazilian Amazon. J 
Nature Conservation 30: 44–51. https://doi.org/10.1016/j.
jnc.2016.01.003
Blackie R, Baldauf C, Gautier D, Gumbo D, Kassa H, Par-
thasarathy N, Paumgarten F, Sola P, Pulla S, Waeber P, 
Sunderland T, 2014. Tropical dry forests: The state of 
global knowledge and recommendations for future research. 
Discussion Paper. Bogor, Indonesia: CIFOR. 32 pp.
Blumenthal D, Jannink JL, 2000. A classification of col-
laborative management methods. Conservation Ecology 
4(2): 13. URL: http://www.consecol.org/vol4/iss2/art13/
Cook JA, Vanderjagt DJ, Pastuszyn A, Mounkaila G, Glew 
RS, Millson AM, Glew, RH, 2000. Nutrient and Chemical 
Composition of 13 Wild Plant Foods of Niger. Water 92: 
83–92. https://doi.org/10.1006/jfca.1999.0843
Conclusions
This study confirms the key role played by edible 
woody species in the diet of rural communities in Niger 
during periods of food shortage, filling a documentation 
gap on the local knowledge about the conservation 
status of these species. Special attention in monitoring 
the status of natural resources should be paid to species 
such as A. digitata and B. senegalensis, found to have 
a very critical role in the diet, and M. crassifolia, used 
for human consumption in extreme situations. The food 
value attributed to edible woody species was found to 
be species-specific and closely associated with the 
specific agro-ecological region, but not linked to the 
status of residence or origin of the informants. Our 
study revealed that gender should be considered in the 
design of conservation activities because there are 
notable differences between perceptions of women and 
men. The Fulani ethnic group could play an important 
role on the diagnosis of the species status as they have 
the opportunity to observe vegetation changes beyond 
village boundaries.
There is a general perception of a declining occur-
rence of edible woody species and a lack of regenera-
tion, but there is no one clear view among the rural 
communities involved in this study about the pro-
cesses influencing this decline. The model explaining 
the perception of threats by local communities revealed 
a species-specific relationship and not provide a univo-
cal explanation for the observed conservation status of 
the edible woody species investigated. A complex 
system of common threat factors emerges. The main 
ones identified were the pressure of overexploitation, 
pests and diseases, and drought. Land clearing for 
agriculture is not considered the main driver leading 
to a decline in occurrence of edible woody species.
Further research into the drivers of change determin-
ing a lack of regeneration of edible woody species is 
needed, with the participation and training of local 
communities on the diagnosis and the identification of 
potential solutions to the problem. Regeneration dy-
namics, in particular of re sprouting species suffering 
periodic cuttings, need to be studied to propose effec-
tive conservation actions for the species. 
The results of this study provide key elements to 
determine the main pressure factors and to understand 
how local communities perceive these factors. This 
could influence their interest and participation in con-
servation activities, focused on mitigating the pressures 
of the identified threats. The study is grounded on the 
strong belief that understanding local knowledge and 
perceptions should be considered in an early phase of 
the design of adaptive management and conservation 
activities for indigenous woody species. 
Dolores Agúndez, Soumana Douma, Javier Madrigal, Almudena Gómez-Ramos, Barbara Vinceti, Ricardo Alía, et al.
Forest Systems December 2016 • Volume 25 • Issue 3 • e080
12
forestales alimenticias. Rev Española Estudios Agroso-
ciales y Pesqueros 235: 61-88.
Gouwakinnou GN, Lykke AM, Assogbadjo AE, Sinsin B, 
2011. Local knowledge, pattern and diversity of use of 
Sclerocarya birrea. J Ethnobiol Ethnomed 7: 1-8. https://
doi.org/10.1186/1746-4269-7-8
Harris F, Mohammed S, 2003. Relying on nature: wild foods 
in northern Nigeria. Ambio 32(1): 24-29. https://doi.
org/10.1579/0044-7447-32.1.24
Herrmann SM, Anyamba A, Tucker CJ, 2005. Recent trends 
in vegetation dynamics in the African Sahel and their 
relationship to climate. Global Environ Change 15(4): 
394–404. https://doi.org/10.1016/j.gloenvcha.2005.08.004
Hiernaux P, Diarra L, Trichon V, Mougin E, Soumaguel N, 
Baup F, 2009. Woody plant population dynamics in re-
sponse to climate changes from 1984 to 2006 in Sahel 
(Gourma, Mali). J Hydrol 375: 103–113 . https://doi.
org/10.1016/j.jhydrol.2009.01.043
Ives CD, Kendal D, 2014. The role of social values in the 
management of ecological systems. J Environ Manage 
144, 67–72. https://doi.org/10.1016/j.jenvman.2014.05.013
Kalinganire A, Weber JC, Uwamariya A, Kone B, 2007. Im-
proving Rural Livelihoods through Domestication of In-
digenous Fruit Trees in the Parklands of the Sahel. Chapter 
10: 186-203. In Indigenous Fruit Trees in the Tropics: 
Domestication, Utilization and Commercialization (eds 
Akinnifesi, F. K., Leakey, R. R. B., Ajaui, O. C., Sileshi, 
G., Tchoundjeu, Z., Matakala, P., Kwesiga, F. R.). CABI. 
464 pp. https://doi.org/10.1079/9781845931100.0186
Koura K, Ganglo JC, Assogbadjo AE, Agbangla C, 2011. 
Ethnic differences in use values and use patterns of Parkia 
biglobosa in Northern Benin. J Ethnobiol Ethnomed 7: 42. 
https://doi.org/10.1186/1746-4269-7-42
Larwanou M, Saadou M, 2011. The role of human interven-
tions in tree dynamics and environmental rehabilitation 
in the Sahel zone of Niger. J Arid Environ 75: 194–200. 
https://doi.org/10.1016/j.jaridenv.2010.09.016
Lézine A-M, Hély C, Grenier C, Braconnot P, Krinner G, 
2011. Sahara and Sahel vulnerability to climate changes, 
lessons from Holocene hydrological data. Quaternary 
Science Reviews 30: 3001–3012. https://doi.org/10.1016/j.
quascirev.2011.07.006
Mbow C, Mertz O, Diouf A, Rasmussen K, Reenberg A, 
2008. The history of environmental change and adaptation 
in eastern Saloum–Senegal—Driving forces and percep-
tions. Global and Planetary Change 64: 210–221. https://
doi.org/10.1016/j.gloplacha.2008.09.008
Mertz O, D’haen S, Maiga A, Moussa IB, Barbier B, Diouf 
A, Diallo D, Da ED, Dabi D, 2012. Climate variability 
and environmental stress in the Sudan-Sahel zone of West 
Africa. Ambio 41: 380–392. https://doi.org/10.1007/
s13280-011-0231-8
Muhumuza M, Balkwill K, 2013. Factors Affecting the Suc-
cess of Conserving Biodiversity in National Parks: A 
Review of Case Studies from Africa. J Biodivers Volume 
2013, Article ID 798101, 20 pages.
Muller J, Almedom AM, 2008. What is “Famine Food”? 
Distinguishing Between Traditional Vegetables and Spe-
cial Foods for Times of Hunger/Scarcity (Boumba, Niger). 
Dan-Guimbo I, Barrage M, 2012. Etudes préliminaires sur l 
‘ utilisation alimentaire des plantes spontanées dans les 
zones périphériques du parc W du Niger. Int J Biol Chem 
Sci 6(6): 4007-4017.
D’haen SAL, Moussa IB, Reenberg A, 2013. Embedded 
Discourses: Nigerien Academic Contributions to Land Use 
Change Research Since the 1960s. J Sustain Develop 6(7): 
69–87. https://doi.org/10.5539/jsd.v6n7p69
De Caluwe E, De Smedt S, Assogbadjo AE, Samson R, Sin-
sin B, Van Damme P, 2009. Ethnic differences in use value 
and use patterns of baobab (Adansonia digitata L.) in 
northern Benin. Afr J Ecol 47: 433–440. https://doi.
org/10.1111/j.1365-2028.2008.01023.x
Ekué MRM, 2011. Blighia sapida, ackee. Conservation and 
Sustainable Use of Genetic Resources of Priority Food 
Tree Species in sub-Saharan Africa. Bioversity Internat 
(Rome, Italy). 8 pp.
Ekué MRM, Sinsin B, Eyog-Matig O, Finkeldey R, 2010. 
Uses, traditional management, perception of variation and 
preferences in ackee (Blighia sapida K.D. Koenig) fruit 
traits in Benin: implications for domestication and con-
servation. J Ethnobiol Ethnomed 6: 12. https://doi.
org/10.1186/1746-4269-6-12
Epule TE, Peng C, Lepage L, 2014- Environmental refugees 
in sub-Saharan Africa: a review of perspectives on the 
trends, causes, challenges and way forward. GeoJournal, 
80 (1): 79-92.
Fandohan B, Ephrem A, Sinsin B, 2011. Quantitative mor-
phological descriptors confirm traditionally classified 
morphotypes of Tamarindus indica L. fruits. Genet Resour 
Crop Evol 58 (2): 299-309. https://doi.org/10.1007/
s10722-010-9575-3
FAO, 2009. Profil Nutritionnel du Niger - Division de la 
nutrition et de la protection des consommateurs. URL: 
http://www.fao.org/ag/AGN/nutrition/NER_en.stm
FAO, FLD, IPGRI, 2004. Forest genetic resources conserva-
tion and management. Vol. 1: Overview, concepts and 
some systematic approaches. International Plant Genetic 
Resources Institute, Rome, Italy. 115 pp.
Faye MD, Weber JC, Abasse TA, Boureima M, Larwanou 
M, Bationo AB, Diallo BO, Sigué H, Dakouo J-M, Sam-
aké O, Diaité DS, 2011. Farmers’ preferences for tree 
functions and species in the West African Sahel. Forest 
Trees Livelihoods 20(2-3): 113–136. https://doi.org/10.1
080/14728028.2011.9756702
Fentahun MT, Hager H, 2009. Exploiting locally available 
resources for food and nutritional security enhancement: 
wild fruits diversity, potential and state of exploitation in 
the Amhara region of Ethiopia. Food Sec 1(2): 207-219. 
https://doi.org/10.1007/s12571-009-0017-z
Freiberger CE, Vanderjagt DJ, Pastuszyn A, Glew RS, 
Mounkaila G, Millson M, Glew RS, 1998. Nutrient con-
tent of the edible leaves of seven wild plants from Niger. 
Plant Foods Human Nutrition 53(1): 57–69. https://doi.
org/10.1023/A:1008080508028
Gómez-Ramos A, González Folgueral I, Guerra Antolín R, 
Gbetablé DG, Salifou SK, Vinceti B, Agúndez D, Sokpon 
N, 2013. Caracterización de la población del norte de 
Benín en relación al consumo y conservación de especies 
Forest Systems December 2016 • Volume 25 • Issue 3 • e080
13Participatory conservation of food tree species in Niger
Thiombiano DNE, Lamien N, Castro-Euler AM, Vinceti B, 
Agúndez D, Boussim IJ, 2013. Local Communities De-
mand for Food Tree Species and the Potentialities of Their 
Landscapes in Two Ecological Zones of Burkina Faso. 
Open J Forestry 3: 79–87. https://doi.org/10.4236/
ojf.2013.33014
Tukey JW, 1977. Exploratory Data Analysis. Addison-
Wesley Publishing Company. Massachusetts, EEUU. 688 
pp.
USGS, 2013. West Africa Land Use and Land Cover Trends 
Project. URL: http://lca.usgs.gov/lca/africalulc/results.php
Vinceti B, Loo J, Gaisberger H, van Zonneveld MJ, Schuel-
er S, Konrad H, Kadu CAC, Geburek T, 2013. Conserva-
tion priorities for Prunus africana defined with the aid of 
spatial analysis of genetic data and climatic variables. 
PloS one 8: e59987 URL: http://www.pubmedcentral.nih.
gov/articlerender.fcgi?artid=3609728&tool=pmcentrez&
rendertype=abstract
Van Vliet N, Reenberg A, Rasmussen LV, 2013. Scientific 
documentation of crop land changes in the Sahel: A half 
empty box of knowledge to support policy?. J Arid Envi-
ron 95: 1–13. https://doi.org/10.1016/j.jaridenv.2013.03. 
010
Vodouhê FG, Coulibaly O, Adégbidi A, Sinsin B, 2010. 
Community perception of biodiversity conservation 
within protected areas in Benin. Forest Policy Econom 
12: 505–512. https://doi.org/10.1016/j.forpol.2010. 
06.008
Waylen K, Fischer A, McGowan PJK, Thirgood SJ, Milner-
Gulland EJ, 2010. The effect of local cultural context on 
community-based conservation interventions: evaluating 
ecological, economic, attitudinal and behavioural out-
comes. Systematic Review No. 80, Collaboration for 
Environmental Evidence. 36 pp.
Wezel A, Lykke AM, 2006. Woody vegetation change in 
Sahelian West Africa: evidence from local knowledge. 
Environ Develop Sustainab 8: 553–567. https://doi.
org/10.1007/s10668-006-9055-2
Wezel A, Haigis J, 2000. Farmers perception of vegetation 





Human Ecology 36: 599–607. https://doi.org/10.1007/
s10745-008-9179-0
Muok BO, Khumalo SG, Tadesse W, Alem Sh, 2011. Sclero-
carya birrea, marula. Conservation and Sustainable Use of 
Genetic Resources of Priority Food Tree Species in sub-
Saharan Africa. Bioversity Internat (Rome, Italy). 12 pp.
Nutini F, Boschetti M, Brivio P, Bocchi S, Antoninetti M, 
2013. Land-use and land-cover change detection in a semi-
arid area of Niger using multi-temporal analysis of Land-
sat images. Internat J Remote Sensing 34: 4769–4790. 
https://doi.org/10.1080/01431161.2013.781702
Ocho DL, Struik PC, Price LL, Kelbessa E, Kolo K, 2012. 
Assessing the levels of food shortage using the traffic light 
metaphor by analyzing the gathering and consumption of 
wild food plants, crop parts and crop residues in Konso, 
Ethiopia. J Ethnobiol Ethnomed 8: 30. https://doi.
org/10.1186/1746-4269-8-30
Pingali P, Schneider K, Zurek M, 2014. Poverty, Agriculture 
and the Environment: The Case of Sub-Saharan Africa. In: 
Marginality: Addressing the Nexus of Poverty, Exclusion 
and Ecology, eds. J. von Braun and F.W. Gatzweiler, pp 
151-168. https://doi.org/10.1007/978-94-007-7061-4_10
Roddríguez-Iquierdo E, Gavin MC, Macedo-Bravo MO, 
2010. Barriers and triggers to community participation 
across different stages of conservation management. En-
viron Conserv 37 (3): 239–249. https://doi.org/10.1017/
S0376892910000500
Sanou H, Lamien N, 2011. Vitellaria paradoxa, shea butter 
tree. Conservation and Sustainable Use of Genetic Re-
sources of Priority Food Tree Species in sub-Saharan 
Africa. Biovers Internat (Rome, Italy). 12 pp.
Sop TK, Oldeland J, 2011. Local Perceptions of Woody 
Vegetation Dynamics in the Context of a “Greening 
Sahel”: a Case Study From Burkina Faso. Land Degrada-
tion Develop 527: 511-527.
Sop TK, Oldeland J, Bognounou F, Schmiedel U, Thiombi-
ano A, 2012. Ethnobotanical knowledge and valuation of 
woody plants species: a comparative analysis of three 
ethnic groups from the sub-Sahel of Burkina Faso. Envi-
ron Develop Sustainab 14: 627–649. https://doi.
org/10.1007/s10668-012-9345-9
Thiombiano DNE, Dibong DS, Boussim IJ, 2012. Le role 
des especes ligneuses dans la gestion de la soudure ali-
mentaire au Burkina Faso. Secheresse 23: 86–93.
